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Abstract 
Changeovers stand as a critical operation in the manufacturing companies, however in their current state with significant economic and 
environmental impacts they are more of a burden then a capability. Market pressures and sustainability requirements soon will push companies 
even harder to convert this burden into a manufacturing capability. Purpose of this paper to investigate the value definition of changeovers, type 
of impacts and possible improvement opportunities from an industrial perspective. Due to the lack of data availability on changeover impacts in 
the current literature, a case-study was conducted through interviews and onsite observations. Current findings indicate that, changeovers may be 
considered as value adding in some cases. Moreover, from an environmental perspective water consumption, wastewater treatment, energy use, 
chemical use and product loss were the type of impacts that were frequently brought up, whereas loss of production time was highlighted as the 
main economic impact. Additionally, companies believe that both design and operational changes can provide improvements for their current 
systems. Current findings represent the issues within the type of industries included in this early stage of the study and therefore may change in 
the later stages of the project. This paper highlights important aspects of changeover operations that are commonly neglected in industrial practice 
while improvements towards these aspects could provide substantial economic benefits while improving companies’ environmental performance. 
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1. Introduction 
Manufacturing firms are facing serious challenges while 
competing in highly dynamic markets. Increasing trends 
towards mass customization is pushing companies from one 
side towards enriching their product range through innovation 
while at the same, global sustainability trends is pushing from 
the other side towards reducing the impacts on environment and 
society without compromising the economic profitability.  
  
Within this complex environment changeovers stand as a 
crucial component of manufacturing firms at the process level.  
We define changeovers as the set of necessary but non-value 
adding activities while switching from one product to another, 
which starts with planning and preparation, before a process 
ends and lasts until the first quality product is produced as it can 
also be seen from Figure-1. Changeovers carry a crucial 
importance especially for multi-product companies where there 
is a constant demand for agility, flexibility, and quality.  Figure 1- Changeover Mechanism 
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Changeovers have a vital impact on all of these requirements 
as well as the economic and environmental performance of the 
system with the impacts created such as; product losses, water 
and energy consumptions and chemical use. Therefore with the 
current design and practice changeover operations conflict with 
the requirements of sustainable industrial systems. 
 
 When looked from this comprehensive perspective, 
changeovers are critical for a wide range of industries, however, 
the academic literature covering the environmental and 
economic impacts of changeover operations has yet to be 
established. Current literature streams are clustered around 
setup time reduction and cleaning operations separately. 
However, considering the complexity of the problem more 
balanced decisions need to be made considering the both 
aspects. Therefore the literature review has focused on these 
two areas. Additionally manufacturing strategies most related 
to changeover activities have been investigated. Moreover, 
communication with the industry has showed that there is lack 
of attention to the topic within industry as well. Even though, 
companies are quite keen to obtain this information and have 
ideas on how they may use it, they have not taken the necessary 
steps to develop the mechanisms that can capture this data.  
 
The aim of this research is to provide the necessary 
mechanisms for companies to calculate the economic and 
environmental impact of their changeover operations and 
provide guidelines on improving changeover operations 
towards previously introduced eco-effective changeovers 
concept. This paper presents the findings from a preliminary 
case study along with a literature and practice review section to 
illustrate the type and magnitude of the impacts that may occur 
as a result of changeover operations, value proposition of 
changeovers and where the improvement opportunities may be.    
 
2. Background 
2.1. Practice Review 
Changeover impacts are believed to be bringing an 
important cost stream to the company and an impact stream to 
the environment, and therefore conflicting with sustainable 
manufacturing targets. In order to support this claim, the 
practice from the literature has been reviewed. Although, a 
comprehensive evaluation was not available, supporting 
information from different sources indicate that setup and 
cleaning operations in the body of changeovers can cause 
additional costs to the company through resource, energy and 
time losses, wastewater production and other environmental 
impacts.  
 
As a part of changeovers, cleaning systems are frequently 
overdesigned to ensure the cleanliness of the system, product 
safety and protect brand reputation (Fryer & Asteriadou, 2009). 
Fryer et al. inform that cleaning operations can take up to 25% 
of the operational time, especially in industries such as food and 
drink where intensive fouling results in frequent disruption of 
the production system (Fryer et al., 2011). Others reported that 
cleaning times in dairy industry may reach up to 15% of the 
total production time, but this can be reduced by reducing the 
fouling with surface modifications up to 76 per cent in specific 
situations (Mauermann et al., 2009). In another study, 
researchers managed to reduce the cleaning time more than 
50% by using hydraulically generated flow pulses (Gillham et 
al., 2000). Mileham et al. indicated in their study that the loss 
in productivity can sum up to 8% annually, even with the low 
number of changeovers (10-15 annually) with long durations 
(Mileham et al., 1997). 
 
Grundermann et al. have looked at the conversion of macro 
batch production plants to micro continuous manufacturing in 
an ink factory that was creating 4 m3 of wastewater per tonne 
of ink produced. With this method they argue that it is possible 
to reduce the detergent and water use by up to 95%. 
(Grundemann et al., 2012). They also suggest that while 
switching between products with similar properties (e.g. 
different colours of ink), a continuous flow without any 
changeovers (product to product push) may be considered, 
during which the blend as a result of two mixing ink could be 
discarded as waste or could be sold as a lower quality by-
product (Grundemann et al., 2012).In another investigation a 
milk factory was found to be consuming 3.25 L of water per 
litre of milk processed (Canut et al., 2007). They also report that 
the dairy industry average is around 1-5 L of water consumed 
per kg of milk produced and in well managed installations this 
amount could go down to 1-2 L/kg of milk. (Canut et al., 2007). 
 
Several researchers have investigated the cost of heat 
exchanger fouling at the industrial level; Steinhagen et al. 
estimated that total cost of fouling for the New Zealand industry 
as being between $31 - $46 million dollars. In their distribution 
of fouling costs, the biggest portion, 72.4% is associated with 
maintenance and cleaning operations and rest are 14.1% Energy 
losses, 6.4% additional installation costs, 4.3% overdesign and 
2.8% lost production (Steinhagen et al. 1993). Similar results 
were obtained in previous studies which estimated the total cost 
of fouling for UK industry as £300 - £500 million in 1978 
(Pritchard, 1987 & Thackery, 1980) and between $8 -$10 
billion in 1984 for the U.S. industry (Garrett-Price, 1985). 
However in these studies environmental impacts and associated 
costs weren’t taken into consideration. 
 
A new instrument was introduced by Friedrich to be used in 
the Active Pharmaceutical Ingredient (API) Industry as an 
alternative cleaning system. He claims that with this new 
equipment it is possible to achieve $522,924 total revenue 
savings, by reducing the annual water consumption from 653 
m3 to 47 m3, saving 640 m3 of cleaning agent and reducing the 
cleaning time by 72% (Friedrich, 2009). In another study, 
researchers have looked at the cleaner production opportunities 
for a milk processing facility and identified that 50% of the 
service water used, 9.3% of wastewater, 65.36% of the 
chemical use, a chemical oxygen demand (COD) discharge of 
181.9 kg/day and 20.7 kg/day of total suspended solids (TSS) 
discharge could be eliminated by using cleaner production 
techniques (Özbay & Demirer, 2007). Perka et al. argue that the 
amount of waste from cleaning operations would still be 
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significant, even if the cleaning agents were recycled (since this 
process cannot capture the full amount for recovery). This could 
sometimes exceed the actual mass of contamination removed 
from the system. Their study also suggests that industrial 
practice may be ahead of the academic knowledge in the 
cleaning operations field and/or the connection between the 
cleaning science and technology is not well established (Perka 
et al., 1993). 
 
Bharath & Lokesh reported that with application of Single-
minute exchange of die (SMED) approach and low cost 
modifications it is possible to reduce the time required for 
changeover operations up to 55% and considering the gains in 
productivity with this investments, the payback period would 
be around 32 changeovers (approximately 2 months) for their 
study (Bharath & Lokesh, 2008). In another study, embracing 
Shingo’s SMED methodology and coupling it with certain 
industrial engineering tools researchers have come up with 
design rules that provides setup time reductions between 38–
90% (Van Goubergen & Van Landeghem, 2002). Shingo also 
provides a long list of setup time reductions obtained by 
application of his SMED methodology. However, the literature 
remains quiet on the application of SMED methodology within 
the processing industry(Shingo, 1983). It has been reported in 
some other papers that changeovers cause critical resource 
losses such as time, materials and energy.(Knott 2013; Grau et 
al. 1995; Stefanis et al. 1997; Munksgaard et al., 2007) 
2.2. Manufacturing Strategies 
     Various manufacturing strategies are commonly adapted by 
companies, to achieve operational improvements in their 
current systems. The implications from these manufacturing 
strategies were investigated by focusing on strategies that are 
most relevant to changeover operations. As a result of this, 
current and future drivers of changeovers were identified as in 
the Figure-2. 
 
 
 
2.3. Eco-Effective Changeovers 
The Eco-efficiency concept helps to show how much value 
is created per impact caused and it is a good step towards being 
less unsustainable, however, if we were to achieve sustainable 
industrial systems, it would need to be used in harmony with 
other tools and methods that cover the shortages of eco-
efficiency (Ehrenfeld, 2005). Alternatively, a shift towards eco-
effectiveness concept, where a more comprehensive approach, 
similar to those in natural systems is adopted,  could be more 
helpful to reach sustainability targets (McDonough & 
Braungart, 2009).  
 
An eco-effective changeover implies the state when a 
changeover operation has been improved to provide the same 
or even a better outcome, without any negative impact on the 
environment and at a minimum cost to the company (Gungor & 
Evans, 2014).  
 
 
With eco-effective changeovers set as the target, industry 
needs to learn how to make balanced decisions during 
changeover operations. The proposed framework in Figure - 3 
suggests that while seeking improvements in changeover 
performance, researchers and practitioners should seek to 
prevent the environmental impacts while at the same time trying 
to reduce the changeover time (Gungor & Evans, 2014). 
Otherwise the trade-offs between the values gained on one side 
and values lost on the other will reduce the overall effectiveness 
of any improvement. Despite the improvements in changeovers 
with SMED methodology, there is no evidence to support that 
it would drive the environmental impacts in negative or positive 
direction. Applications of SMED suggest that both possibilities 
exist and the impact of SMED on the environmental axis is 
likely to be case specific. As the project proceeds this 
framework will be updated with more methods, tactics and 
strategies to guide the companies towards the steps they can 
take in order to improve their changeover performance. 
Figure 2 - Drivers of changeovers (Gungor & Evans, 
2014). 
Figure 3- Improvement towards eco-effective changeovers 
(Gungor & Evans, 2014). 
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3. Findings 
In this section the initial findings of the preliminary case 
study will be presented. The aim of this study was to determine 
the extent and magnitude of the problem from the companies’ 
view. Additionally it is expected that a better understanding of 
the changeovers could help to create the baseline for the further 
stages of the data collection. The results were obtained by 
interviews and onsite observations of companies operating in 
beverage, dairy and oil industry. 
3.1. Value Definition of Changeovers 
In the beginning of this paper, changeovers were defined as 
necessary but non-value adding operations. This definition was 
made as a result of the ongoing literature review and 
considering the environmental and economic impacts of 
changeover operations. However, the data collected from 
companies suggests a different perspective. Three distinct 
reasons were highlighted by each industry in terms of value 
contribution of changeovers. Final product quality and shelf 
life was the first reason why companies see changeovers as 
value adding.. Cleaning operations during changeovers, is 
expected to prevent microbial growth and extend product shelf 
life. Especially in the dairy industry, this has a vital importance, 
since without the required amount of sanitization the processed 
materials would spoil even before reaching the final product. 
The impacts from this type of loss would be far greater than the 
economic and environmental impacts that changeover 
operations bring. 
 
    On the other hand, producing a range of products that aim to 
fulfill different market demands was another reason why 
changeovers was considered as value adding. Since it’s more 
difficult for companies to have a specific line for each product 
they produce, they tend to rely on their changeover capabilities. 
Therefore, as a mechanism that allows companies to provide 
this product variety to its customers, changeovers can be 
considered as value adding activities. However, it is also stated 
that from a process perspective, changeovers affect the 
efficiency in a negative way by causing loss of production time.  
 
     Despite its difference in scale, the oil industry sees 
changeovers, (or turnaround operations as it is called in the oil 
industry), as an investment to secure the reliability, safety and 
integrity of their future operations. The maintenance and 
cleaning provided at this stage is expected to prevent unplanned 
faults, defects and other problems until the next intended 
changeover. Considering the cost of production loss during the 
event, changeovers are a billion dollar event for the oil industry 
and therefore taken very seriously. 
 
3.2. Environmental and Economic Impacts 
Investigating the environmental and economic impacts of 
changeover operations and ways to quantify them is one of the 
main purposes of this research. However, during this 
preliminary study the aim was to identify which impacts to 
focus on and what may be the challenges in quantifying these 
impacts.  
 
From an environmental perspective water consumption, 
wastewater treatment, energy use, chemical use and product 
loss were the type of impacts that were frequently brought up 
as the critical issues during the interviews. Although, it is 
frequently enhanced by chemicals, water is the main cleaning 
agent in all three industries.  In addition to the water used 
during cleaning-in-place (CIP) operations, there are also losses 
from idle machines and uncontrolled cleaning of exterior parts 
of the equipment as well as other operator based actions such 
as additional cleaning steps before or after CIP. On the other 
hand, the water used for cleaning is converted into wastewater 
that needs treatment at the end of this process. This wastewater 
is usually a diluted version of the product and may also include 
cleaning chemicals with different pH ranges. Chemicals used 
for cleaning purposes drastically reduce the reuse and recovery 
potential of the wastewater. However without using these 
chemicals, sufficient cleaning either cannot be achieved or 
requires significantly longer durations of cleaning, therefore 
creating a trade-off between water toxicity and water quantity. 
Energy consumption was another important impact category 
for changeover operations. Usually CIP operations require 
more powerful pumps to be used in order to achieve higher 
flow rates. Moreover, CIP systems include use of hot water and 
other cleaning agents with temperature ranging from 70-95 
degrees (even higher in some cases) to improve the cleaning 
efficiency. Lastly, product losses during changeover operations 
can be accounted as an environmental impact due to inefficient 
use of materials. Once the production ends, there may still be 
product left on the contact surfaces such as at the bottom of the 
vessels or in the pipes. While a major part of this is product loss 
occurs during the CIP, a small portion of it can be attributed to 
the mechanical connections and changes in pipe connections. 
The amount of product lost may vary from one batch of 
production to another as well as from one system to another. 
 
Although almost all of these environmental impacts also 
have significant economic implications, the main economic 
impact as a result of the changeover operations is the loss of 
production time. Changeover time may differ from one 
industry to another and may go up to 30-50% of the operational 
time in some cases. In some instances such as in the oil 
industry, this cost of loss of operational time can be very 
significant despite the short duration of changeover time. 
Moreover, this loss of production time triggers other elements 
such as manufacturing flexibility that could create business 
risks in highly competitive markets. 
 
Another economic measure is the effectiveness of the work 
done during changeover operations. Sloppy or incomplete 
actions during changeover operations could lead to a bigger 
fault later on the production stage, which would cause bigger 
losses to the company. Therefore, the quality of the work 
should not be sacrificed in order to reduce the time losses. 
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At the moment, measurement of these impacts is very 
challenging for companies due to insufficient metering or other 
data collection methods. It has been observed that even for the 
most simply quantifiable parameter - time, companies only 
contend with having rough ideas about changeover time. When 
it comes to the environmental impacts, the lack of individual 
metering in factories is proving calculation of these impacts to 
be very difficult. In some cases, performance is evaluated by 
considering the monthly consumption of water and energy 
throughout the factory and employees are warned against any 
increase in the values. Characteristics of the wastewater such 
as COD/BOD can try to be used to estimate the product loss 
however, this is only feasible if the only cleaning agent is water 
and there are no other inputs to that wastewater.  
 
Despite the current deficiencies on measurement of 
changeover impacts, companies are keen to gather this kind of 
information and use it for planning optimization and 
justification of new investments. Currently, sales and 
marketing departments are pushing planning and production 
departments as the requirements of the market changes, 
however it has been argued that, if companies can have 
information regarding to changeover impacts and costs, then 
these information could be used against the changes in market 
demands. Moreover, this information could be used to justify 
environmentally conscious investments, by giving a rather 
clear picture of return on investment. 
 
It has also been observed that the communication between 
different departments on the shop floor seems to have an impact 
on changeover performance as well. Especially when there are 
more than one department is involved, the communication 
between these departments could consume additional time as 
well as water and energy by. 
 
Last aspect of the changeover impacts is the influence of 
system design, operational design and current practice. 
Currently, it is not very clear whether companies expect bigger 
benefits from design or operational improvements, however, 
they all agree that their current changeover performance is 
influenced by both factors. In some cases system design can be 
susceptible to external factors such as the quality of input 
materials (e.g. seasonal changes in milk quality or changes in 
the quality of extracted oil over the time)  whereas in others it 
is mostly about the type of equipment, length of pipes, layout 
etc. System design can positively affect the current changeover 
performance but usually brings higher capital investment costs. 
In certain situations, it may still be possible to make low cost 
changes and reduce changeover impacts. An example of this 
may be installing additional sensors to the system. Operational 
design provides the guidelines to be followed by the workers to 
achieve certain goals. Companies frequently produce standard 
operating procedures (SOPs) trying to standardize the work 
needs to be done by the workers. However, most of the time 
these guidelines are not followed by the workers or they lack 
the level detail that is needed to minimize the changeover 
impacts. As a result, employees take initiative to do what they 
believe as good for the work, however this is potentially not 
good for both the work and the impacts or highly favors one to 
another. 
3.3. Improvements 
During the interviews, possible improvement potentials 
were also investigated, in order to understand in which areas 
improvements can be made from companies’ point of view.  
 
The most common response received was developing 
capabilities to measure the changeover impacts. It is agreed that 
improvement process starts with the evaluation of the 
performance. Therefore, the initial improvements should be 
made on the measurement aspect of these impacts. This could 
range from installing additional meters to, smart sensors. Data 
gathered from these measurements then could be used to 
calculate the cost of changeovers to the companies. 
 
The first highlighted improvement was making new capital 
investments on machinery and equipment with better design. 
By changing into state of the art equipment companies expect 
to perform better at their changeover operations. While some 
part of these mechanic improvements are already taking place, 
especially improving the time dimension by using 
standardization techniques such as color coding, one touch 
attachments and investing more in innovative solutions to 
reduce the impacts from the cleaning operations such as 
reducing the need for cleaning with surface coatings or using 
multi-functional chemicals that can reduce the cleaning time is 
seen as necessary.  
 
On the operational aspect, it has been found that companies 
require more conscious employees who would have an 
ownership feeling towards the work they do. As a result, they 
expect their employees to contribute improving their 
changeover performance and keeping at that level. In order to 
achieve this, most companies give trainings to their employees 
or use visual reminders on the shop floor. It has also been 
argued that automation systems is likely to be an alternative 
solution to this problem. By reducing employee’s control over 
the process, companies expect to minimize unplanned changes 
and actions outside off the specifically designed standard 
operating procedures. In addition to the compliance with the 
procedures, improving the communication on the shop floor 
and removing inter-departmental walks could also help to 
improve changeover performance. All of these considered, 
finding ways to close the gap between the operational design 
and what actually happens during the practice seems to be an 
important part of the improvement process.                           
4. Discussion 
The results of this preliminary study combined with the 
previous literature and practice review suggests that 
changeovers are an important aspect of manufacturing 
operations but can create large economic and environmental 
impact streams that the companies may be unaware of. 
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Initial definition of changeovers was made from a lean 
manufacturing perspective and therefore considered 
changeovers as necessary but non-value adding activities.  
During the interviews the value definition of changeovers as 
used by practitioners was found to be different to this. However 
the data gathered from companies may also indicate the 
importance of the necessary part of the initial definition. 
Especially considering the importance of cleaning operations 
on product quality and safety, companies may be keeping a 
defensive stance during the interviews. Another reason for this 
may be the negligence of the environmental and economic 
impacts when answering the question and focusing solely on 
the output. Therefore the value proposition of changeovers may 
need to be redefined or validated at the further stages of the 
project once more data is obtained.   
 
An important part of this study was to determine the 
environmental and economic impact types to focus on the later 
stages of the project and the challenges on quantifying these 
impacts. Current focus is established around the above 
explained impact types, however, as the project proceeds 
additions (e.g. solid waste may be more important for food 
factories) or deductions can be made.  
 
Measurement of changeover impacts seem to be highly 
favored by companies. Even though, in almost all cases no 
action was taken to have a better understanding of these 
impacts quantitatively, qualitative judgments supported with 
rough numbers are being used in industry while seeking 
improvements. Currently, the lack of data gathering evaluation 
methods combined with uncertainty is preventing companies 
from going in this direction. However, if this changeover 
impacts were to be used as for production planning 
optimization or justification of future investments then an 
initial investment should be made to make this justification 
mechanism available. 
 
   Literature review suggested that the current CIP systems are 
frequently overdesigned to minimize product failures and any 
risks to the brand reputation. Visits to the companies showed 
that, these CIP systems are not only overdesigned but also quite 
frequently over practiced by workers as well. As in the heart of 
the shop floor, workers experience the arising problems in the 
first place and develop tacit knowledge over the time. 
However, the reasoning behind this knowledge may not always 
be right even if it provides desired outcomes. The important 
part for companies is to capture this knowledge and find ways 
to integrate it to standard procedures once they are filtered and 
their contribution towards the solution has been validated. This 
could support finding economically and environmentally 
effective solutions. 
 
5. Conclusions 
Changeover operations are a critical element of the 
manufacturing environment and likely to become even more 
important in the near future. Especially in industries dealing 
with wide range of products, being able to change from one 
product to another with the least economic and environmental 
impacts possible, is likely to be a basic requirement in the near 
future.  In order to achieve this eco-effective changeover 
capability, companies will first need to measure and evaluate 
these changeover impacts and then will have to adopt their 
current system and operational design while making sure to 
close the gap between operational design and actual practice. 
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